® 




Europsllsches Patentamt 
European Patent Office 
Office europden des brevets 



(11) Publication number : 0 484 056 A1 



EUROPEAN PATENT APPLICATION 



(21) Application number : 91309854.7 
(g) Date of filing : 24.10.91 



@ Int. CL^ H01L 21/20, H01L 21/331. 

H01L 21/335 



(So) Priority: 24.10.90 JP 286467/90 

@ Date of publication of application : 
06.05.92 Bulletin 92/19 

@ Designated Contracting States : 
DE FR GB 

(g) Applicant: FUJITSU LIMITED 

1015, Kamlkodanaka Nakahara-ku 
Kawasaki-shi Kanagawa 211 (JP) 



@ Inventor: Fujioka, HIroshi, c/o Fujitsu Limited 
1015, Kamlkodanaka, Nakahara-ku 
Kawasaki-shi, Kanagawa 211 (JP) 

@ Representative : Silverman, Warren et a! 
HASELTINE LAKE & CO. Hazlitt House 28 
Southampton Buildings Chancery Lane 
London WC2A 1AT (GB) 



Process for forming germanium-containing layer on oxygen-containing insulation layer. 

@ A process for forming a gennanium-containing layer on a substrate having an oxygen-containing 
insulation layer on a surface thereof, said process comprising the steps of forming a protection layer on 
a surface of the oxygen-containing insulation layer, said protection layer preventing a decomposition of 
the oxygen-containing layer due to a reaction of oxygen in the oxygen-containing layer and a 
germanium-containing gas, and then forming the genmanium-containing layer on the substrate by a 
chemical vapor deposition using the gemnanium-containing gas. 
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The present invention relates to a process for forming a gernfianium-containing layer on a substrate having 
an oxygen-containing insulation layer on a surface thereof. 

For example, hetero-Junction bipolar transistors utilizing a hetero-ju notion between silicon and silicon-ger- 
manium (Si-Ge) or gemnanium are expected to provide a high speed transistor having a switching speed higher 
5 than a conventional silicon bipolar transistor by a factor of several to ten, by already established technology. 
In order to attain this, a base layer of germanium or silicon-germanium must be epitaxially grown on a silicon 
substrate in which an element isolation and a collector are already formed. This epitaxial growth is performed 
by a chemical vapor deposition (CVD) from a source gas of gerane (GeH4) or a mixture of gerane (GeH4 ) and 
silane (SiH4). 

10 On the other hand, in the silicon substrate on which the Si-Ge is to be epitaxially grown, isolation insulation 

layers and interlayer Insulation layers or the like made of silicon dioxide (Si02) or the like are formed. The 
reasons for use of Si02 are because an excellent SiOa can be formed by thermal oxydation of the silicon sub- 
strate and because the Si02 has a low dielectric constant and others, and such Si02 insulation layers cannot 
be easily replaced by other insulating layers. 

15 Nevertheless, during a deposition of Si-Ge by a CVD, GeH4 contacts with an oxygen-containing insulation 

layer, such as an Si02 layer, and a material which easily evaporates, for example, germanium monooxide 
(GeO), is formed by a reaction of the GeH4 with the oxygen-containing insulation layer, which material con- 
taminates the gaseous source gas. As a result, an epitaxially grown Si-Ge layer involves oxygen so that crystal 
defects are fomned. Such defects disadvantageously fonm recombination centers having a deep state at the 

20 hetero Interface. Further, the surface of the oxygen-containing insulation layer is disadvantageously roughened 
by losing oxygen. 

These types of problems are commonly involved in processes for forming a germanium-containing layer 
on a substrate having an oxygen-containing layer on the surface thereof. 

An object of the present Invention Is to solve the above problems and to provide a process for forming a 
25 germanium-containing layer on a substrate having an oxygen-containing layer on the surface thereof without 
the above problems. 

According to a first aspect of the present invention there is provided a process for forming a germanium- 
containing layer on a substrate having an oxygen-containing insulation layer on a surface thereof, said process 
comprising the steps of: fonning a protection layer on a surface of the oxygen-containing insulation layer, said 

30 protection layer preventing a decomposition of said oxygen-containing insulation layer as a result of reaction 
with a germanium-containing gas; and then forming the germanium-containing layer on the substrate by a 
chemical vapor deposition using the germanium-containing gas. 

According to a second aspect of the present invention there is provided a process for manufacturing a semi- 
conductor device, comprising the steps of: locally forming an oxygen-containing insulation layer on a semicon- 

35 ductor substrate, said insulation layer having a top surface and a side wall, a portion of a surface of said 
semiconductor substrate being exposed; forming a protection layer on the top surface and the side wall of the 
oxygen-containing insulation layer, said protection layer preventing a decomposition of said oxygen-containing 
insulation layer due to a reaction of oxygen in said oxygen-containing insulation layer with a germanium-con- 
taining gas; and then forming a gemnanium-containing layer on the exposed semiconductor substrate by a 

40 chemical vapor deposition using the germanium-containing gas. 

The germanium-containing layer may be, for example, germanium, silicon-germanium 
The oxygen-containing insulation layer may be, for example, silicon dioxide, phospho-silicate glass (PSG), 
boro-phospho-silicate glass(BPSG). 

The protection layer may be any material that does not contain oxygen or does not release a reaction pro- 

45 duct of oxygen during the deposition of the germanium-containing layer at a temperature of the deposition and 
therefore may be an insulator, a metal or a semiconductor, but examples of preferred materials for the protection 
layer are insulators such as silicon nitride (Si3N4), silicon oxynitride (SiON), etc. Although silicon oxynitride con- 
tains oxygen, It is not reactive with a gaseous gemnanium source and does not release a reaction product of 
oxygen at least up to about 650°C and therefore can be used as a protection layer in a process for depositing 

50 a germanium-containing layer performed at a temperature up to about 650^C according to the present invention. 
Also, metals such as tantalun and molybdenum or semiconductors such as silicon and even genrnanium may 
be used. 

Here, typical germanium source gases include gerane (GeH4) and digerane (Ge2H6). The germanium 
source gas may be used alone or in combination with other source gases such as silane, disilane, etc. Typically, 
55 gerane (GeH4 ) is decomposed at a temperature of about 450''C, silane (SiH4) is decomposed at a temperature 
of about 900°C, and a mixture of gerane (GeH4 ) and silane (SiH4) Is decomposed at a temperature between 
about 450°C and about 900°C. The germanium-containing layer may further contain a dopant 

In a preferred embodiment, a germanium-containing layer is deposited on a substrate on which an oxy- 
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gen-containing insulation layer is fonmed in a selected area only. In this case, the protection layer is also locally 
formed on the top surface and side wall of the oxygen-containing insulation layer and a remaining area of the 
surface of the substrate is exposed and the germanium-containing layer is deposited thereon. Thus, an epitaxial 
growth may be made. 

5 The present invention may be applied to various devices such as a hetero-junction bipolar transistor (HBT) 

or high electron mobility transistor (HEMT). 

For a better understanding of the invention, and to show how the same may be carried into effect, reference 
will now be made, by way of example, to the accompanying drawings, In which:- 
Figures 1A and 1 B show a first embodiment of the present invention; 
10 Fig. 2A and 2B show a second embodiment of the present Invention; 

Fig. 3A to 3F show an Example of the present Invention In which hetero-bipolar transistor (HBT) is man- 
ufactured; 

Fig. 4 shows a relationship between the n value (diode factor) and a thickness of an Si02 layer 21 fonmed 
in the HBT shown in Figs. 3A to 3F; and 
15 Fig. 5 shows another application of the present invention In which a Ge-containing layer Is formed as an 

interconnection layer between transistors. 

Figures 1Aand 1B show a first embodiment of the present invention. A silicon substrate 1 has an insulation 
layer 2 of an oxide, for example, an isolation insulation layer formed by the LOCOS (local oxidation of silicon). 
An Sl-Ge layer for forming a hetero-junction Is intended to be deposited on the silicon substrate 1 exposed from 

20 the insulation layer 2, but in the present invention a protection layer 3 of, for example, Si3N4 , is first formed on 
the insulation layer 2 to cover the surface of the insulation layer 2 as shown in Fig. 1A and then a Ge-Si layer 
4 is deposited on the silicon substrate 1 by chemical vapor deposition (CVD) as shown In Fig. 1B. Since the 
SI3N4 layer 3 does not contain oxygen, the Sl-Ge layer 4 is not contaminated with oxygen originated from the 
insulation layer 2 and an epitaxial growth giving an excellent crystalinity is made possible. 

25 Figs. 2A and 2B show a second embodiment of the present invention, a silicon substrate 1 has an Insulation 

layer 2 for element isolation formed by the LOCUS and an interlayer Insulation layer 5 of Si02, etc. Is formed 
on the substrate 1 or the insulation layer 2. An Sl-Ge layer 4 is Intended to be epitaxlally grown on a surface 
of the silicon substrate 1 exposed in an opening. 

It is generally difficult to cover a sharp step at a side wall of the opening of the insulation layer 5 by a pro- 

30 tection layer of Si3N4 etc. Accordingly, by a known method using the anisotropic etching, a second protection 
layer 6 is formed on the side wall at the step of the opening as shown in Fig. 2A and then an Sl-Ge layer 4 is 
deposited on the silicon substrate 1 by CVD as shown in Fig. 2B. 

Figs. 3A to 3F show main steps of manufacturing a hetero-junction bipolar transistor having an Si/Si-Ge 
junction in which the present invention is applied. 

35 Referring to Fig. 3A, an n*- type buried layer 1 1 and an n-type collector layer 12 of an epitaxial layer are 

formed in a silicon substrate 1. Then a trench isolation structure 13 and a LOCOS isolation structure 14 are 
fomned in the substrate 1 for element isolation, the trench isolation structure 13 comprises an oxide insulating 
layer 16 in which a poly-silicon layer 17 Is buried. The LOCOS isolation structure 14 leaves the surface of the 
silicon substrate 1 exposed for a base area and a collector contact area. 

40 An interiayer insulation layer 5 of Si02 having a thickness of about 100 nm and then a poly-silicon layer 

18 having a thickness of about 300 nm are deposited on the entire surface of the substrate 1. The poly-silicon 
layer 18 acts as a protection layer during the following deposition of an Sl-Ge layer and comprises a take-out 
base electrode for the base layer. Therefore, a p-type dopant Is Introduced In the poly-slllcon layer 1 8 to thereby 
lower the electric resistance. 

45 A resist mask 20 is formed above the substrate 1. The resist mask 20 leaves a base area exposed in an 

opening. The poly-silicon layer 18 and the interlayer insulation layer 5 exposed In the opening are etched by 
a known reactive Ion etching (RIE). 

Referring to Fig. 3B, after the substrate 1 Is exposed at the base area, an Si02 layer 21 having a thickness 
of about 5 nm and an Si3N4 layer 22 having a thickness of about 40 nm are deposited in this order on the sub- 

50 strate 1. 

Then an anisotropic etching Is effected on the SI3N6 and SIO2 layers 22 and 21 by an RIE until the substrate 
1 is exposed. As a result, the Si3N4 layer 22 remains only at the side wall portion of the step of the interlayer 
insulation layer 5 and the poly-silicon layer 18, as shown In Fig. 3C. This remaining Si3N4 layer 22 acts as a 
second protection layer for covering the poly-silicon layer 1 8. The Si032 layer 21 Is formed on a surface of the 
55 silicon substrate 1 to prevent crystal strains which would be formed if an SI3N4 layer is directly formed on the 
silicon substrate. 

Then an Si-Ge layer 4 is grown entirely on the substrate 1 by a CVD with source gases of, for example, 
SI2H6 (disilane) and GeH4 . The grown Si-Ge layer 4 forms a base layer having a hetero-junction with the exp- 
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osed silicon substrate 1. In this Example, a p-type dopant such as B2H4 (diborane) is added to the source gases, 
to form a p-type base layer. The conditions for growing the Si-Ge layer 4 are as below. 

Flow rate of source gases: 
SisHg 10SCCM 
5 GeH4 10SCCM 
B2H4 0.05 SCCM 
Flow rate of carrier gas (H2): 101 /min 
Reaction gas pressure: 0.8 Torr (total) 

Substrate temperature: 600^*0 (heated by lamp) 

10 By the above, a p-type Si-Ge layer having a composition of Sio.8Geo.2* a concentration of the dopant of 5.0 

X 10^® atom/cm^ and a thickness of 50 nm was formed. The Si-Ge layer 4 is epitaxially grown on the exposed 
silicon substrate 1 but is deposited as a poly-crystalline layer on the poly-silicon layer 18 and Si3N4 layer 22. 

Referring to Fig. 3D, the Si-Ge layer 4 and the poly-silicon layer 18 are patterned to a form including a pat- 
tem of a take-out base electrode. The poly-silicon layer 18 and the Si-Ge layer 4 existing thereon compose the 
15 take-out base electrode and the poly-silicon layer 18 is effective in lowering the base resistance. Then an insu- 
lation layer 24 having a thickness of about 50 nm is deposited entirely on the substrate 1 by CVD. 

Referring to Fig. 3E, an opening is formed in the insulation layer 24 for exposing the Si-Ge layer 4 in a 
base area. An As-doped poly-silicon layer is deposited entirely on the substrate 1 and patterned to form an 
emitter 8. 

20 Referring to Fig. 3F, an insulation layer 25 of phospho-silicate glass (PSG) is deposited entirely on the sub- 

strate 1. Contact holes are formed In an area for the emitter 8, an area for the take-out base electrode of the 
Si-Ge layer 4, and an area for a collector contact. The formation of these contact holes may be earned out in 
a process in which the end point of etching is selected by an exposure of the silicon surface or the Si-Ge surface. 
Then an emitter electrode 27, a base electrode 28 and a collector electrode 29 are formed by depositing 

25 an aluminum layer entirely on the substrate 1 and patterning it. Thus, a hetero-junction bipolar transistor is 
accomplished. 

Fig. 4 shows a relationship between the thickness of the Si02 layer 21 formed on the side wall of the step 
of the interlayer insulation layer 5 in the base area in the process as shown in Figs. 3A to 3F and the n value 
expressing the current in the forward direction of the collector-base junction, called "ideal factor" or "diode fac- 

30 tor". As seen in Fig. 4, while the thickness of the Si02 layer 21 is thin, the n value is almost one, but if the thick- 
ness of the Si02 layer 21 is increased, the n value is rapidly increased. This is considered because since the 
Si02 layer 21 is notcompletely covered with the protecting layer 3 or the Si3N4 layer 22 and a part of the surface 
of the Si02 layer 21 remains exposed and in contact with GeH4, as the thickness of the Si02 layer 21 increases 
to a certain extent, crystal defects affected by oxygen derived from that contact surface cannot be neglected. 

35 As shown in the above, it is apparent that only a small surface of the Si02 layer 21 such as the side wall 
portion critically affects the crystallinity of the Si-Ge layer 4 and therefore it is basically necessary to cover a 
large area of the insulating layer 2 by a protection layer. 

The same conclusion is reached from other experiment results. Namely, when an Si-Ge layer about 100 
nm thick was grown on an Si02 layer, the surface roughness of the Si-Ge layer was about 20 nm, but when an 

40 Si-Ge layer about 100 nm thick was grown on an Si02 layer after the surface of the Si02 layer was covered 
with an Si3N4 layer, the surface roughness of the Si-Ge layer is less than 5 nm. Further, the oxygen concen- 
tration in the grown Si-Ge layer was about lO^o atom/cm^ in the fomner, but was about 10^^ atom/cm^ in the 
latter. Thus, it is clear that a surface of an insulation layer containing oxygen should not be unlimitedly exposed 
to a gaseous germanium source such as GeH4. 

45 Since Fig. 4 shows that a small exposed surface of a side wall of an Si02 layer having a thickness of about 

several tens nano meters affects the crystallinity of the Si-Ge layer, it is generally necessary to cover a side 
wall portion of an insulation layer containing oxygen and having a thickness of 100 nm or more with a second 
protection layer. 

The above Example is an n-p-n type hetero-junction bipolar transistor (HBT), but the present invention is 
50 also applicable to a p-n-p type HBT. Also, the present invention is applicable to an HBT in which a Ge concen- 
tration continuously changes from zero at the collector side to a maximum at the emitter side in the Sl-Ge layer 
4, or to an HBT in which a Ge layer is replaced for the Si-Ge layer 4, or to other types. 

Fig. 5 shows another embodiment of the present invention in which a gemnanium-containing layer is used 
as an interconnection layer between transistors comprising compound semiconductors. In Fig. 5, 31 denotes 
55 a semi-insulating GaAs common substrate on which bipolar transistors Tr^ and Tr2 are formed. In each transistor 
Tri or Tr2 , 32 denotes an n-type GaAs collector layer, 33 a p-type Ge base layer, 34 an n-type GaAs emitter 
layer, 35 a collector electrode, 36 a base electrode, 37 an emitter electrode. The thus formed bipolar transistors 
Tri Tr2 are isolated from each other by cutting off a portion of the n-type GaAs layer 32 between the tran- 
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sistors Tfi and Tr2. 

An insulating layer 38 of SiOa, for example, is formed on the GaAs substrate 31 where the n-type GaAs 
layer 32 Is cut off between the transistors Tn and Tr2 , to complete the element isolation. On the other hand, 
an Interconnection layer 39 of, for example, Ge is formed to electrically connect between the transistors Tn 
5 and Tvz . In such a case, the Ge interconnection layer 39 may be fonned on the insulation layer 38 of Si02 and 
therefore there are problems mentioned before because a Ge layer is grown on an insulation layer containing 
oxygen. 

Therefore, the present Invention Is preferably applied to this structure. To prevent a deterioration of the 
crystal quality of the Ge interconnection layer 39, a protection layer 40 of, for example, Si3N4 is first formed on 
10 the SiOa insulation layer 38 before the Ge interconnection layer 39 is deposited thereon. 

Thus, the present Invention is applicable to various devices, not limited to bipolar transistors or a formation 
of a hetero-junction. 

15 Claims 

I. A process forforming a germanium-containing layer on a substrate having an oxygen-containing insulation 
layer on a surface thereof, said process comprising the steps of: 

forming a protection layer on a surface of the oxygen-containing insulation layer, said protection 
20 layer preventing a decomposition of said oxygen-containing insulation layer as a result of reaction with a 

germanium-containing gas; and then 

forming the germanium-containing layer on the substrate by a chemical vapor deposition using the 
germanium-containing gas. 

25 2. A process for manufacturing a semiconductor device, comprising the steps of: 

locally forming an oxygen-containing insulation layer on a semiconductor substrate, said insulation 
layer having a top surface and a side wall, a portion of a surface of said semiconductor substrate being 
exposed; 

forming a protection layer on the top surface and the side wall of the oxygen-containing insulation 
30 layer, said protection layer preventing a decomposition of said oxygen-containing insulation layer due to 

a reaction of oxygen in said oxygen-containing Insulation layer with a germaniunn-contalning gas; and then 
forming a gennanium-contalning layer on the exposed semiconductor substrate by a chemical 
vapor deposition using the gennanium-containing gas. 

35 3. A process as claimed In claim 1 or 2, wherein said germanium-containing layer Is of germanium. 

4. A process as claimed in claim 1, 2 or 3, wherein said germanium-containing gas is gerane gas. 

5. A process as claimed In claim 1 or 2, wherein said gemnanlum-contalning layer is of silicon-germanium. 

40 

6. A process as claimed in claim 1, 2 or 5, wherein said germanium-containing gas is a mixture of silane gas 
and gerane gas. 

7. A process claimed In any preceding claim, wherein said oxygen-containing insulation layer is of silicon 
45 dioxide, phosphor-silicate glass or boro-phospho-silicate glass. 

8. A process claimed in any preceding claim, wherein said protection layer is of silicon nitride, silicon oxynit- 
rlde or silicon. 

50 9. A process as claimed in any preceding claim, wherein said substrate is a single crystalline semiconductor 
and said germanium-containing layer is epitaxlally grown onto the single crystalline semiconductor. 

10. A process as claimed in claim 1 and any one of claims 3 to 8 when appended to claim 1, wherein said 
substrate is of a semiconductor, a metal or an insulator. 

55 

II. A process as claimed in claim 1 and any one of claims 3 to 10 when appended to claim 1, wherein said 
insulation layer is formed locally on the surface of the substrate so that the substrate has an exposed sur- 
face and said germanium-containing layer is formed on the exposed surface of the substrate and said pro- 
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tection layer. 

12. A process as claimed in claim 11, wherein said insulation layer is covered by said protection layer on a 
top surface and side walls thereof. 

13. A process as claimed in claim 2 and any one of claims 3 to 9 when appended to claim 2, wherein said 
semiconductor device is a hetero-junction bipolar transistor. 

14. A process as claimed In claim 2 and in any one of claims 3 to 9 or 13 when appended to claim 2, wherein 
10 said semiconductor device is a high electron mobility transistor. 



15 



20 



25 



30 



35 



40 



45 



50 



55 



6 



EP 0 484 056 A1 



Fig. 1A 
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Fig. 3A 
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Fig. 3D 



( / / 7 7 

/ < i ^ 






9 



EP 0 484 056 A1 



Fig. 4 
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